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We numerically study the spatial diffusion of an atomic
cloud experiencing Sisyphus cooling in a three-dimensional
lin⊥lin optical lattice in a broad range of lattice parameters.
In particular, we investigate the dependence on the size of the
lattice sites which changes with the angle between the laser
beams. We show that the steady-state temperature is largely
independent of the lattice angle, but that the spatial diffusion
changes significantly. It is shown that the numerical results
fulfil the Einstein relations of Brownian motion in the jumping
regime as well as in the oscillating regime. We finally derive an
effective Brownian motion model from first principles which
gives good agreement with the simulations.
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I. INTRODUCTION
Laser cooling and trapping was one of the major ad-
vances of the last part of the 20th century. In 1997,
the Nobel prize in physics was awarded to Steven Chu,
Claude Cohen-Tannoudji and William D. Phillips for
their works in this domain [1], in particular, for their
discovery of the Sisyphus cooling effect [2] which permits
to achieve sub-Doppler temperatures and is widely used
in various different laser cooling schemes [3]. The Sisy-
phus effect in optical lattices [4] was studied in a large
variety of systems and of field configurations. A large
number of results were obtained on temperature, local-
ization and spatial order [5] and an excellent agreement
between the experimental observations and the theoret-
ical predictions was found. Much less work has been
done to study the spatial diffusion in optical lattices, but
also for this problem a reasonable agreement was found
between the models [6–8] and the experiments [6,9–11].
However, no detailed study of the dependence of spa-
tial diffusion on, for example, the different directions of
an anisotropic lattice or on the size and shape of lattice
sites has been performed so far. Very recently, optical
lattices and atomic transport therein has attracted new
attention with the study of quantum chaos [12] and the
achievement of Bose-Einstein condensation by purely op-
tical means [13].
Spatial diffusion in one-dimensional (1D) Sisyphus
cooling schemes is fairly well understood. In the so-called
jumping regime, where an atom undergoes several opti-
cal pumping cycles while moving over one optical wave-
length, the atomic motion can be understood by a simple
model of Brownian motion [2,14]. In this regime, spa-
tially averaged friction coefficients α0 and momentum
diffusion coefficients Dp have been derived and the va-










where T is the steady-state temperature, kB the Boltz-
mann constant, and Ds the spatial diffusion coefficient,
has been shown. On the contrary, in the so-called oscil-
lating regime, where an atom travels over several optical
wavelengths before being optically pumped into another






where vc denotes the capture velocity of Sisyphus cool-
ing. In this situation, an analytical derivation of the
spatial diffusion coefficient has still be found [6], but an
interpretation in terms of a simple Brownian motion no
longer works. In particular, it is found in Ref. [6] that
the behavior of the spatial diffusion coefficient as a func-
tion of the atom-light interaction parameters (laser light
intensity and detuning) is dramatically different in the
oscillating regime compared to the jumping regime.
In higher dimensional setups, such a difference of the
spatial diffusion behaviors in the jumping and the oscil-
lating regimes is expected, too. Moreover, the important
difference of the mean free path of a diffusing atom in
these regimes may induce different behaviors of the spa-
tial diffusion coefficients as a function of the lattice peri-
ods. These are the main issues considered in the present
paper.
In this work we perform a detailed study of spatial dif-
fusion in the so-called 3D-lin⊥lin lattice [15]. Using semi-
classical Monte-Carlo simulations we find that equalities
of the form of Eqs. (1) and (2) still hold in the oscillating
regime. This suggests that an interpretation by a Brow-
nian motion should still be possible. We derive such a
model from basic principles assuming a thermal spatial
distribution and taking into account some specific prop-
erties of our optical lattice and find a good quantitative
agreement with the numerical results. In particular, we
calculate an effective friction coefficient α in a range of
parameters containing both the jumping and the oscil-
lating regimes. We find that in the oscillating regime, α
increases with the lattice beam intensity and decreases
when |∆| increases, in strong opposition to the friction
coefficient α0 calculated in the jumping regime.
Our work is organized as follows. In Sec. II we de-
scribe the specific laser and atom configuration for the
3D optical lattice that we consider here and discuss sev-
eral important features of the optical potential surfaces.
In Sec. III, we present a physical picture of spatial diffu-
sion in periodic optical lattices and we particularly fore-
cast a dramatic change of the behavior of the spatial
diffusion coefficients not only versus the atom-light in-
teraction parameters but also versus the geometrical pa-
rameters (spatial lattice periods) when going from the
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